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A functional design of a microprocessor-based
system is proposed as a model for the Naval
Environmental Display Station for use by the Naval
Weather Service Enviro;, nental Detachments. The design
consists of four coajles: control, communications,
storage, and display. A software program prototype
that simulates many of the proposed functions of the
control module is discussed. The processing
requirements for the communications module are
presented along with a proposed hardware
configuration. The storage module, based on a. floppy
disk system, is explained and its required functions
defined. A display nodule utilizing an intelligent
terminal and two CRTs is considered. The
microprocessing system was designed to show not only
the power and flexibility of this system, but also to
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The range of modern weapon systems and the speed with
which present military operations often take place have
dictated a need for worldwide and "real time" environmental
information. This implies that military commanders have a
need to know as guickly as possible not only what
environment their forces will likely encounter in the
future, but also the present environmental conditions
throughout the world.
The meteorological community has made great strides
towards providing the real time support required. Digital
computers, already in use, can rapidly assimilate and
produce acceptable analysis and forecasts from the
appropriate raw environmental data. The processed
environmental parameters are then disseminated for the
immediate use of the operational units. Full real tine
support is dependent upon the timely receipt of raw data and
the delivery of the products, once generated, into the hands
of the operational users. High speed automated
communications is the crucial factor in the attainment of
the real time data requirement.

B. SUPPORT AGFNCIES
The Naval Weather Service Command is responsible for
providing all of the environmental support required by the
Naval community. This support, both meteorological and
oceanographic, is supplied through the Fleet Numerical
Weather Central (FNWC) located at Monterey, California. A
primary mission of the Fleat numerical Weather Central is to
provide a complete set of worldwide environmental services
and products in support of trie entire spectrum of Naval
operations and planning. Fleet Numerical Weather Central is
also tasked with having a near real time operation due to
the perishability of the environmental data and the
necessity of providing quick response to worldwide Naval
operations.
Fleet Numerical Weather Central receives inputs through
observations collected by the Air Force, the National
Weather Service, and the Fleet Weather Centrals (FWC) , via
high speed data links. Fleet Numerical Weather Central then
utilizes this data to produce environmental parameters.
These products are distributed in a variety of forms
(charts, graphs, messages) to the Fleet Weather Centrals,
where further processing and relay to other Naval units is
accomplished. This final relay is via radio facsimile,
radio teletype and data links. The World Meteorological
Organization, a United Nations activity, collects weather
data from sources throughout the world. This data is
distributed to the Naval CDiamunity over the United States
Air Force Automated Weather Network (AWN)
.
Fleet Numerical Weather Central is the primary source of
data lor al] Naval units. Every twelve (12) hours a

complete cycle of data products is made and then distributed
to Fleet Weather Centrals throughout the worll. The data
are transmitted over the :i3val Environmental Data Network
(NEDN) to the appropriate F'rfC activities. The Naval Weather
Service Detachments (NWSED) and the weather units aboard
ships receive the data products from the Fleet Weather
Centrals over facsimile and teletype circuits.
Communications networks operated by the National Weather
Service transmit similar forecasts and analysis. The Naval
Weather Service Detachments, within the United States,
normally avail themselves of this additional service.
C. DISPLAY STATION CONCEPT
In an effort to upgrade the existing communications, to
overcome systems limitations, and to expand the
environmental support, the Naval Environmental Display
Station (NEDS) was conceived and a prototype designed. The
Naval Environmental Display Station was to be primarily a
communications device, as set forth by the Chief of Naval
Operations in CNO letter serial 1339 of 14 November 1972.
It was envisioned that the users of this device would cover
the spectrum from P leet Numerical Weather Central (FNWC)
,
with numerous environmentalists on watch, to the small
afloat commands, with no -eteorological expertise. Every
activity having a critical requirement for the predictions
and current status of environmental parameters, would be
equipped with a NEDS. Reference 6 contains a general
description of the Naval Weather Service Command, the
communications networks, and the specifications for the
orginal NEDS configuration.
The present NEDS prototype utilizes a mini-computer as
the "central control". rhe system was designed to be

programmable only at FNWC and not at the individual station
sites. All installations were to have an identical
configuration of hardware, firmware and software. Every
station would be capable of performing all of the various
NEDS functions. The NEDS is unique in Naval systems, in
that it utilizes state-of-the-art technology to provide
communications and display of both alphanumeric and graphic
messages. Figures 1 and 2 depict the "original NEDS"
configuration, the planned NEDS applications and provide a
general idea of the intended capabilities of the original
NEDS concept.
Due to the spiralling costs involved with the original
NEDS units, and the cutback in defense funding, it was
determined to be impractical to equip every facility
reguiring meteorological data with the original NEDS
configuration. Therefore, the Fleet Numerical Heather
Central and the Computer Science Group of the Naval
Postgraduate School, Monterey, California, became interested
in developing an alternative NEDS prototype. This
alternative prototype design is based upon microprocessor
technology. The microprocessor system will provide the
communication, data storage, and data retrieval control.
The system design is an attempt to achieve maximum
flexibility while minimizing the costs.
D. NWSED DESCRIPTION
Emphasis was placed upon the development of a functional
specification for a Naval Environmental Display Station
(NEDS) that would best be utilized at. the Naval Weather
Service Environmental Detachment (NWSED) level. An attempt
was made to meet all systas capability requirements , and yet
keep costs far below the present prototype.
10

The Naval Weather Service Environmental Detachments are
located at Naval Air Stations throughout the world. The
NWSED is normally manned by one or two meteorological
officers and from ten to twenty enlisted aerographers mates.
Each NWSED provides all the environmental data required by
the air station, which includes aviation sguadrons, flag
officers, staffs, and other activities. Each NWSED receives
weather data over multiple communications circuits.
Two general categories of data are retained by a NWSED:
alphanumeric and graphic. These two data types are
currently transmitted to the NWSED over seperate
communications lines. The graphic data is provided to the
NWSED via analog (facsimile) circuits by the appropriate
Fleet Weather Central. The alphanumeric data can arrive
from any number of agencies in a variety of formats. Each
NWSED has one or more teletype circuits (100-250 words per
minute) on the Air Force 3 itomated Weather Network (AWN)
.
These circuits will sc:r. oe increased to 1200 bits per
second (2100 words per minute) . The AUTODIN, a computer
communications network, is occasionally used for the
transmission of weather information, and in addition, some
NWSED units are served through local civil weather networks.
Thus each NWSED unit normally receives facsimile and
teletype information fros the appropriate Fleet Weather
Central, weather data fro2 the AWN circuit, information from
the AUTODIN, and reports from various civilian sources.
The information transmitted to a NWSED is normally
assimilated by one or nore computers in the weather network.
Computer processing has increased the amount of weather
information available and the speed of its delivery.
Each NWSED unit is repaired to maintain and update files
of required information. This information is received
throughout the day on the various teletype and facsimile
11

circuits. Each circuit serves several NWSED units, or
similar units, and only a portion of the information carried
will be applicaole to tas individual station. As required
information is receive!, it is presently filed on a display
board. Each new update of a teletype bulletin or map is
placed over the previous existing one of the same type.
Periodically, over-age messages and bulletins are removed
and filed or destroyed. ?aen personnel come into a NWSED to
be briefed on the weather (locally, nationally, or
worldwide) the forecaster shows them the particular maps and
teletype bulletins of interest. In the case of an aviation
crew, weather information is recorded on their flight
clearance form. For flight crews, the forecaster must at
times provide a cross section of expected weather along the
intended flight path. Thus a forecaster must, except for
immediate local weather i?.f ornation, prepare the briefing
ahead of time. This preparation' requires the forecaster to
consider numerous teletype bulletins and consult various
weather maps.
In addition to briefings, the NWSED unit is required to
prepare a number of. routine forecasts for local use. These
forecasts, along with other local environmental parameters,
are transmitted on the teletype networks to other units.
The recipients of these reports include the Fleet Weather
Central (FWC) which supports the detachment's data needs.
The transmissions are prepared on an established schedule,
using all available information.
In some cases information is needed which is not
normally scheduled to be received at the NWSED. When such
information is required, an Automatic Response to Query
(ARQ) is used to obtain the necessary data on the 'AWN
circuit. The center controlling the AWN circuit extracts
the requested information from its data base and transmits




A microprocessor-based lisplay system for use by a Naval
Weather Service Detachment (NWSED) should be abla to receive
both alphanumeric ani graphic forms of data. The system
must store this data, retrieve it on demand, and display it
in a format convenient for the forecaster's use. The sysl
should also assist in the preparation of outgoing messag es,
such as forecasts, warnings, and Automatic Response to Query
requests. All data will be digital, utilizing a vector form
of graphic data to replace the current analog (facsimile)
form.
In order to effectively operate at the NWSED level, an
information system must be both easy to operate and easy to
maintain. The system users will be enlisted aarographers
mates and meteorological officers. Both groups of potential
users have had extensive training and experience working
with coded data, but may have little or no background in
data processing. To utilize the proposed retrieval and
display system, only a short introduction to the system
commands should be regairei.
Maintenance personnel qualified to repair computer
systems will not normally be available. Software routines
should be provided to aid personnel in system error
detection. The Naval Environmental Display Station unit
should be as modular as possible, allowing hardware problems
to be isolated to a given section. The defective module may
then be replaced locally and returned to a central repair
facility.
The capabilities necessary for an information system to
13

be effective at a HWSED are available today in
microprocessor circuitry. An information system has been
proposed consisting of a central controller, a
communications interface, a cathode ray tube (CRT) display,
and a floppy disk storage device. This paper is intended to
study the basic functions of such a system and to determine
the feasibility of the proposed design. A pragram which
exercises many of the repaired functions and demonstrates
the feasibility of a nicroprocessor-based system has been





A. HARDWARE CHAR ACT ERISTIC S
The Naval Environmental Display Station (NEDS) , as
proposed, will consist of a microprocessor-based central
control with a communications interface, two cathode ray
tube (CRT) displays, and a floppy disk storage device. The
hardware will be organized into four major modules:
communications, storage, control, and display. Figure 3
presents a diagram of the proposed system with the module
interface characteristics depicted.
1 * 2.h§. Communications Ko dale
The communications- subsection is a straightforward design
problem. Similar communications modules are already being
utilized in other systems. Figures H and 5 show part of an
envisioned design.
The major fane-ion of this module is the
"simultaneous" transmission and reception of data. The
communications module will be capable of handling several
communication lines operating at various speeds (75-9600
bits per second) . This subsection will recognize the
incoming data, remove the synchronization pulses, perform
some preprocessing, buffer the incoming data, and pass the
data to the control module on demand. The communications
module will contain a microprocessor, the necessary memory
for processor control. and data buffering, a universal
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asynchronous receiver/transmitter (UART) for each
coramunica tions line, and the circuitry needed to interface
with the control ir.odule an3 the communications lines.
2- The Storage Module
The storage section consists of a dual drive floppy
disk system. This sucsection is available as an
off-the-shelf component from a number of manufactures. No
hardware or other modifications would be required to utilize
such a disk system in the present design. The disk
controller, and the necessary software for system operation,
will be physically located in the control module and are
currently under development. Figures 6 and 7 depict the
controller interface and the commercial floppy disk system.
3- Iks Control Module
The control module will consist of a microprocessor,
memory, and the components necessary to interface with the
other modules. The functions of the control module are:
* receive data frou the communications section,
determine what data is to be retained, and format the data
for storage
* direct the floppy disk in the storage and
retrieval of information
* perform self test ana error analysis
* interpret inputs from the operator's keyboard
* pass properly formatted data and control signals
to the display module
16

* maintain and update the tables necessary to
access the stored information
**• The Display Moluls
This module will consist of two, television type,
cathode ray tuoes (CRT) and one entry keyboard. The display
module will function not only as a display, but will also
perform some data manipulation and processing. One CRT
subsection will accept graphic data and formatting commands
from the control module, unpack the data according to the
formatting commands, place the data in a display memory, and
refresh the CRT fror. this memory. This section of the
display module is being developed by Compata Inc. under
contract number N62271 - 75- ."-0646 , and should be operational
by June 1975. The second CRT will be used for alphanumeric
information display.
The entry keyboard will be interfaced with the
control section via the communications module. The keyboard
will be handled as an additional communications line.
E. SOFTWARE CONSIDERATIONS
The proposed system would consist of five (5) software
modules: executive controller, communications, data storage
and retrieval, graphics, and alphanumeric display. All
software should be designed to incorporate the following
specifications:
* make maximum use of existing software.
* utilize modular programming in order to permit easier
17

modification, expansion, 3r.d future software development.
* utilize a high level language, such as PL/H, for all
software modules. The advantages of high level language
utilization are numerous. Ihe manpower savings gained in
simplified program maintenance, the reduction in programming
time, and simplified documentation are but a few of the more
obvious reasons a high le73i language should be used.
* select the optical 3esory buffer size. Consider not
only memory allocation, oat also the number of disk access
occurrences which will be required.
* consider the use of dynamic disk storage instead of
allocating specific areas to individual data types. This
would maximize the disk area available for data storage.
C. LOGICAL CONSIDERATION!
The most important considerations in the design of the
logical structure of the system were:
1) reception and storage of data
2) system commands desired
3) information retrieval
4) information display
Considering the small number of different queries
required and the assumed familiarity of the user with the
information system, items 2 and 4 above present little
difficulty. Item 3 must be analyzed to determine if
13

information retrieval can be accomplished rapidly enough to
satisfy the user. Item 1 211st also be analyzed to ensure
that processor and disk speeds can handle the input stream
without losing data or dead locking the system.
The time betv?een a request by the user and the
appearance of the requests -! display should be in the order
of a few seconds. System response is dependent upon the
time to:
* locate the proper file
* transfer the file from the storage device
* format the file
* display
Tables 1, 2, ana 3 delineate the system data
requirements, a possible file structure, and timing
calculations. Consider^ :; the relative complexity and the
volume of data involved (see Table 1) the request for a
graphic display will probably be the most time consuming.
The information in Table 2 lists a proposed file structure
with the resulting estiaated response times presented in
Table 3. The maximum of 7.5 seconds, as computed in Table
3, is within the user response time requirements. See pages
n't and 42 for amplification of the timing constraints.
Effective handling of the input stream is dependent upon
the file structure used. Soae of the major considerations
in arriving at the propose! file structure were:
* The relative size of each- graphic and alphanumeric
message, and the NWSSD requirements for such data, suggests
that each graphic message be contained in one file and each
19

of the alphanumeric data types be grouped together as a
single file.
* Disk seeking will be a major time delay factor and
must be minimized. By keeping file sizes relatively small,
disk head movement after the initial seek can be limited to
one track.
* Information retrieval should not reguira excessive
linear search. Small file sizes will reduce the data search
t i in e
.
* The data request
logical file.
should uniguely determine the
* The logical file should be directly linked to the
physical file. This will shorten the search time.
A commercial floppy disk operating system has been
implemented and allows microprocessor control of a floppy
disk. The disk file structure is adaptable to the
information requirements of the NWSED system. Important
characteristics of the disk operating system are shown in
Table 4.
The proposed file structure is implemented by the
control program. For specifics on the file structure, the
data retrieval logic, and the command priority system,





A. BASIC SYSTEM ARCHITECTURE
A communications processing system must handle a large
number of data lines, all operating simultaneously and
independently, and all capable of demanding dynamically
varying processing and storage loads. The system must be
designed to respond tD all of the requirements of all the
lines at all times. In a communications processing system
each message must be processed serially through the system
by task, and each task must be executed within a specific
time interval. Aggravate! by the condition that a large
number of messages are continually flowing through the
system in various -stages of processing, the complex nature
of communications processing and computerized message
switching becomes apparent. The computer must rapidly
switch processor attention from message to message,
performing each required task, for each message, within the
time constraints for that task and that message. A system
designed around a number of microprocessors, each performing
certain functions, and coupled through shared memory, could
have many advantages, both in cost and performance, over one
large system.
In such a design, each processor module is assigned only
certain specific operations, and it performs these
operations on all messages received or transmitted by the
system. The processing of each message is performed in a
21

serial fashion with the message passing from module to
module via common/shared memory or input/output ports.
Shared memory is utilize} for information transfer between
the control module and the graphic display. Direct memory
access is available for data transfer between the disk
system and the control mofule. Processor input/output ports
are employed in data movement between the communications
module and the rest of the Naval Environmental Display
Station (NEDS)
.
The communications module is dedicated to the buffering
and preprocessing of the communications lines. The
communications section receives input characters, assembles
them into memory buffers, and passes the information, on
demand, to the control module via an input port. On output,
the communications processor receives the message
characters, under the command of the control module, from
the terminal display processor. The message is buffered in
the communications memory, and transmitted on the
appropriate communications lines, when directed by the
control section. The communications processor also
maintains timing information, detects parity errors and
other failures in the transmission lines, and passes this
information to the control module for possible display to
the user.
The control module processes the input characters
serially as received from the communications processor on
the data bus. The control section validates and interprets
all polling responses and message headers, generates
acknowledgements and diagnostic messages. In addition, the
control module utilizes its "disk operating system" to
allocate storage, perform read/write operations, and
validates and processes all commands addressed to the floppy
disk system. The "disk operating system" is discussed in a
later section of this paper.
22

The control section continually verifies the operational
status of each module, including the floppy disk, monitors
the condition of each communications line and appropriately
updates the polling base, analyzes and reports all detected
errors and performs diagnostics as directed by the user.
Part of the control module memory, shared with the
display module, is used for transient information passing.
This transient information is the output of a process in the
control module, and is tha input the display module accepts
for the processing it performs. The transient information
is placed in allocated buffer areas of the shared main
memory. The use of shared main memory by the two
asynchronously operating processors requires the use of
sophisticated software and hardware techniques.
POLLING ROUTINE
The method used to multiplex the different peripheral
lines to the control module is the poll and select method.
This method allows for ail input lines to communicate with
the control section, via the communications module, over a
single line as illustrated in Figure 3.
The communications module sets a one bit flag whenever
data is available in a buffer. Each communications line has
a separate buffer area in the communications module memory.
The control module uses the flags to determine which buffer
to empty,, thus indirectly selecting which communications
line will be handled next. The polling routine establishes
the priorities of the various incoming data lines. Consult





All input and output operations update and/or utilize
the "main table". The main table is the index to the
information stored on the disk for both the control program
and the operator. The table contains a table line number, a
title index, the date tine group of the information, the
background number, the security classification, and the
number of check sum errors that were detected during
reception.
Copies of the main table are always retained both on the
disk and in the control module memory. The main table may
be initialized at system "start-up" from data stored on the
disk or by clearing the table area.
D. SOFTWARE
The proposed system operates in one of two states. In
the command state all information received by the control,
module is treated as system commands. In the receive state
the control program considers all incoming data to be part
of a bulletin. These two states are discussed below and the
control program implement: at ion is presented in the program
listing.
The control program utilizes multiprogramming to
accomplish the required data manipulations. Each
communications line, including the keyboard, is processed by
an execution sequence independent of the other lines. The
control program polls fro?! line to line, executing the
necessary program steps for that particular line. Figure 3
shows the data flow in a system configuration where one line
2U

is in the command mode and all other lines are in the
receive mode.
Two buffers and a line information area (HEADSR/FCB) are
allocated in the control module memory for each
communications line. The buffers are 128 byte records with
an additional byte allocated for each record for buffer
access control. The information area contains program
pointers, mode keys, and the other data necessary to
implement multiprogramming.
The control program continues to process the same
communications line as long as the communications module has
data available in the line's buffer area, and an end of
bulletin is not received. Once the control program empties
the communications module buffer for the line in processing,
or an end of bulletin is received, a return to the polling
routine is executed. The polling routine currently in use
always tests for available data in the same sequence (high
speed line first, keyboard last). The first data line's
buffer encountered by the polling routine with information
present results in selection of that line for processing by
the control module.
1 • System Commands
Normally only the keyboard line is in the command
mode, but any communications line can execute the control
program in the coanand state. Any communications line can
access the command mode by sending a unique sequence to the
station where commands are to be executed. Dnce in the





The system is completely re-initialized by the
reset command. The disk is reset and the control program
will execute the following "power-up" routine. Until the
operator indicates via the keyboard whether the disk
contains a valid main table, the system will idle. The main
taale is initialized froa the disk or it is cleared (see
main tabic description above). All buffer parameters and
all information areas are set to a system start value. The
keyboard line is place! in the command mode and all other
lines are set to the receive state.
b. Table
The main table is displayed on the al phanuraerics
CRT. An ability to page or escape from the table mode is
provided. The title index is converted to a plain English
text title prior to CRT display.
c. Display
The control program requests a two-digit input
to determine which file is to be displayed. The digits
input are to correspond to the main table line number
associated with the file requested for display. A system
test ensures that the input is valid and that a file exists
at the table line number entered. If the input is invalid a
new command is requested.
If the file Lequested contains graphic data, the
file and a background are sent from the disk to a shared
26

memory area. The display processor then formats the
information received via the shared memory for visual
display on the graphics terminal. All other files are
output directly to the alphanumerics CRT.
During execution of the display command, the
control program transfers only one record, 128 bytes, prior
to returning to the polling routine. This enables a higher
priority communications line to "interrupt" the display
command.
d. Erase
The command program requests a two-digit entry,
similar to the display request, in order to determine which
file to erase. After verification from the operator that
the correct digits were entered, the file is deleted from
the main table and the dis,< space allocation and the disk
table are updated.
e. ARQ
This command, not presently implemented,
displays a message format on the alphanumerics display. The
system user then provides the necessary information to
complete the message. The completed message form is
forwarded to the communications module for verification and
transmission on the appropriate circuit.
Copy
This command is not presently implemented. The





The receive cosaand places the communications
line which is being processed into the receive state. Any
data following this command is regarded as message traffic.
'ind
The find command requires a five digit or three
letter station identifier from the data line currently being
processed. A linear search through all "hourly reports" is
then executed. Every occurrence of a match between the
input identifier and a stored station list results in an
alphanumeric output. The search and display can be
terminated at any time. Notification is sent to the
operator if either an unsuccessful search or a request for a
station not retained by the system is made.
2- Message Handling
When in the receive node the control program files
the incoming data, if the information is to be retained,
according to type. Either the system retains the complete
bulletin or the system selectively retains messages within
the bulletins. Consult the program listing for details on
the exact system impleaenta t ion of receive mode routines.
a. Bulletin Retention
Upon receipt of a start of bulletin indication
28

from the communications :.Didle, the control program begins
processing the data stream. The bulletin titls is loaded
into the control moddle information area for the line being
processed. k test is :ade to determine if this bulletin
type is to be retained. If the bulletin is not retained,
the communication s module is instructed by the control
processor to "dump" (destroy) all data received on the line
until a new start of bulletin is received.
If the bulletin is to be retained, a disk file
is created. The information received is stored a record at
a time, utilizing the buffers in the control module, until
an end of bulletin indicator is received. Upon the receipt
of the end of bulletin the control program updates the
appropriate main table entries in memory and on the disk.
If excessive check sua errors are encountered or the
bulletin is incomplete (no end of bulletin) the file is
closed and deleted thus freeing any disk space that may have
been utilized by the file.
b. Message Retention
The sane basic process is utilized during
retention of messages within a bulletin. Depending upon the
date time group of the bulletin, either the data to be
retained is added to an existing file or a new file is
created. If a new file is created the table will be updated
upon jreceipt of the end of bulletin mark.
If the bulletin is the proper type, the message
headers in the bulletin are compared to a stored listing.






The two categories of information, alphanumeric and
graphic, received at a Naval Weather Service Environmental
Detachment (NWSED) are depicted in Tables 1 and 2. The
techniques required for handling, and storage, of the two
data types differ. For a better understanding of system
requirements, a brief description of the two categories
follows.
1 • Alphanumerics
Weather reports, forecasts, and warnings are all in
the alphanumerics category. The hourly airways observations
are normally the most important data reports the NWSED
receives. These bulletins are transmitted every hour, and
describe the current weather on all major airways. Each
NWSED is required to keep a file of these reports for ail
airports under its cognizance, and any other airfields in
which it has an operational interest.
Adjunctive data of interest to the NWSED includes
weather forecasts made elsewhere. Some of these forecasts
predict severe weather which might endanger life or property
and are called "weather warnings". These warnings, along
with forecasts and reports, are generally grouped together
3

to form bulletins. Each Lulietin consists of information
which has similar tine, location and data type
characteristics. These bulletins make up the alphanumeric
information that is transmitted to the individual NWSSD
units over the teletype circuits.
2 . Gra_2h ics
Weather maps giving a pictorial description of
environmental parameters sake up the graphics category.
These maps are weather bulletins formed into contour lines
and plotted over a geographic background. The maps
represent either analysis, meteorological conditions
existing at a previous time, or forecasts, predicted
conditions for a future tile.
Graphic data is normally transmitted in analog form
on a facsimile circuit to the individual NWSED units.
Although the data is presently transmitted in analog form,
it may be transmitted in digital form as a series of
vectors. This can be done only if the NWSED has a
processing unit available to convert the data into the
proper display format. Tests at Fleet Numerical Weather
Central (FNWC) have shown that weather maps, in vector
format, can be compacted into 2 0,000-30,000 bits (2500-3750
bytes). This will reduce transmission time by at least a
factor of two for each graphic report.
B. MESSAGE DRAFTING
Virtually all outgoin: reports, forecasts, Automatic
Response to Query (AP2) requests and other messages, must
meet mandatory format requirements prior to being accepted
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by any communications circuit. A program should be provided
to assist the operator in preparing these messages. Such a
routine would display the proper format, alio;/ the operator
to fill in the necessary information, check the entries for
proper form, and then transmit the message on the proper
communications circuit. The major portion of this software
would be located in the display and communications modules.
DATA TRANSMISSION/RECEPTION PROCESS
All point-to-point main line communications on the Naval
Environmental Data Network (NEDN) are accomplished by
computer systems utilizing a 12 bit per character binary
coded data. The only exception to this is the weather data
input from the Automated weather Network (AWN) , received
from Carswell and Offutt Air Force Bases. The AWN data is
formatted in a Baudot code using 5 bits per character. Each
character is part of a special synchronous transmission
format although the start-stop pulses, as in the regular
baudot code, are omitted. These serial-by-bit streams of 5
bit codes are converted by the FNWC computer into the NEDN
standard 12 oit code. Data exchanged Dack to the AWN, via
Carswell and Offutt, is translated back to Baudot code.
Computer exchange of weather data and messages on the
remainder of the NEDN lines, for Navy use, utilize the 12
bit code. Data is sent in streams of 64, 12 bit words in
the serial-by-bit transmission state. Error detection and
correction is accomplished through a check sum technique
where an arithmetic sum, with end-around carry, is performed
for each group of 64 words. This check sum is transmitted
with the data and utilized by the receiving unit to ensure
proper message reception. At the end of the transmission, a
receive status is sent to the control station, and' only
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those 64 word blocks which do not meet the check sum tests
are re- transmitted . For internal system use, two bits are
added to each character for synchronization and control,
making a 14 bit word. The two sxtca bits are removed when
data is transmitted in the serial-by-bit state.
When data reaches a Fleet Weather Central (FWC) it is
re- for matted and then relayed to the Naval Weather Service
Environmental Detachments. Transmissions received by the
NKSED, from the FWC, are ia an 8 bit code. Thus, each NWSED
receives the 8 bit coded data from the FWC and the 5 bit
data on the AWN circuit. Implementation of the 8 bit code
transmission lines is not complete, but the message format
has been defined and is presented in Figure 8.
D. COMMUNICATIONS MODULI
The function of the communications module is to receive
and transmit data on a number of different communications
lines, all of which may have different operating
characteristics. The communications module must be able to
recognize the start of bulletin header on each circuit,
compact it into one byte, and set a status flag when the
byte is transferred to the control module. The
communications section oust also, when commanded by the
control module, dump (destroy) all data received on a
specific line until the start of a new bulletin is detected.
End of bulletin sequences aust also be compacted into one
byte and the appropriate status' flags must be set. If
necessary, tne communications module will re-format the data
into a sequence, and code, compatible with the control
module processing routines.
The general specifications of the communications module
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are presented in order to iefine the interface between the
communications nodule and the control module. These
specifications not only farther the developmental work on
the communications module, they are necessary for the design
and implementation of the control section software.
To better understand the operation of the communications
processor, bulletin formats should be understood. All
bulletins have a header, a text, and an end of bulletin
sequence. Three communication controls that define these
bulletin fields are:
SOB: Start of bulletin
STX Start of text / divider in text
EOB: End of bulletin
These communications controls are actually specific
sequences of characters wnich serve as boundaries for the
bulletins. The bulletin preamble interval starts all
transmissions and is used to connect and synchronize the
receiver and transmitter. The connection sequence ends
immediately prior to the control sequence characters for the
SOB. The actual synchronization is accomplished through a
combination of physical, electrical and logical sensing.
The remainder of the header contents must satisfy the
Fleet Numerical Weather Central application delivery network
requirements. Application heading items include the
identity of the originator, data type and time of origin,
bulletin type and classification. Network heading items may
also include bulletin addressing and identification for




The hardware utilized should not commit tne system to a
communications capability on only specific data lines. All
transmission/reception interface parameters should be
program selectable or programmable in the communications
module. In the communications line interface, transmission
characteristics such as data rate, stop-bit length,
character length, and parity, will be programmable and set
by simple software instructions. To help accomplish this,
bipolar mask-programmable read only memories (ROM) might be
used. ROM programs could change the 5 bit AWN codes into
the 8 bit parallel codes the microprocessor utilizes.
Programmed ROM can also hold routines to strip off any
unnecessary synchronization or control bits.
The communications interface will use a single universal
asynchronous receiver/transmitter (UART) , as depicted in
Figure 5, for each communications line. There have been
many complete, one-chip connunication interfaces introduced,
such as Motorola's ACIA and Rockwell International's TDI.
These UARI chips are capable of replacing 20 to 25 logic
packages, thus simplifing the communication interfaces.
These large-scale integrated circuits combine, in a single
package, all the functions needed to connect a
microprocessor system to a communications line.
The UART will convert the serial bits from the
communications line into the byte (8 bit) characters
required by the microprocessor system. While transmitting,
the UART will perform the opposite conversion, receiving
data bytes from the microprocessor and changing them into a
stream of serial bits for the communications line. Each
character will consist of 3 data bits, including parity.
The UART checks the parity of incoming characters from the





The communications nodule will act as a buffer and a
data line multiplexer. This section will also preprocess
incoming data, aiding the control module in task completion.
Buffer size will be deterained by data rates and the number
of lines which must be serviced. For a 9600 bit per second
data rate, 773 bytes of buffer will provide enough memory
space to prevent data loss during the disk seek period. The
buffer is needed to compensate for the 643 millisecond
access time required by the disk system (see page 42).
Every communications line utilized by the Naval
Environmental Display Station, will be connected to the
communications module via a DART. When a character (8 bits)
is available in the DART, an interrupt will be generated.
This interrupt is sent to the communications microprocessor
(see Figures 4 and 5) . Each DART in the communications
module is allocate3 a unique line address code and
sufficient circuitry is supplied to ensure automatic
response when the - address is called. The communications
processor responds to the DART interrupt by sending the
address co3e of the line involved to the transfer logic (see
Figure 4). The DART then outputs the data byte on the bus.
At the 9600 bit per second transmission rate, the
microprocessor will have 833 microseconds in which to
respond to the interrupt before the DART overwrites and
destroys the data. With current microprocessor cycle times,
approximately 2 microseconds, there should be little problem
responding to every interrupt.
After a DART interrupt, the processor will transfer the
byte to a memory buffer area allocated to the individual
communications line. During the transfer, a test is made to
determine if the by ire completes any special control sequence
36

(SOB, SIX, ou EOB) „ If a control sequence is completed by
this byte, the sequence is replaced by a one byte variable.
This buffering and testing process is simultaneously
occurring for each communications line connected to the
module.
When the control module requests data via an interrupt,
the communications processor tests an input port to
determine with which data line to respond. Once the line is
determined, one byte is removed from the line's buffer and
sent to the control module, via an output port. If the
buffer for the requested line is empty, a flag is set, and a
coded byte returned to the control module.
Whenever a control sequence variable (SOB, STX, or EOB)
or an empty file code is passed to the control module a
status flag is also set. This ensures that no bit data
codes will be misinterpreted as a control character.
Another function required of the communications module
is the capability to dump the remainder of a bulletin. The
control module will send another interrupt type to request
data destruction. The communications processor again tests
to determine which line is being addressed. The buffer for
that line is then emptied until the next SOB is encoun terei
.
The communications module will continuously send system
status information, over output port lines, to the control
module.
During data transmission from the station, the
communications processor will add synchronization bits, add
parity and check sum codes, and re-format the data as
required. Data will be released from the communications




V. FLOPPY DISK SYSTEM
A. DIRECT MEMORY ACCESS
The fourth major element of the system is the floppy
disk storage device and the associated interface hardware.
A crucial feature of the floppy disk. system is a direct
memory access (DMA) capability to the random access memory
(RAM) in the control module. Direct memory access will
allow the control processor to respond quickly to the
multitude of system requirements. By using this direct
memory access, the disk system can store data bytes into the
main memory, or take them out, without receiving processor
commands for each individual data transfer. Thus, the DMA
transfers data while the processor is occupied with other
tasks.
Direct memory access transfers are usually associated
with devices that require extremely high data transfer
rates, such as a floppy disk or a processor to processor
transfer. In direct memory access, the interface transfers
data directly to/from the nain memory buffers. The control
module accomplishes this type of transfer, via the disk
operating system, by initiating and supplying the interface
with a starting memory address and a word count. The
processor then proceeds to other tasks.
Tho logic that performs the data transfer is usually
referred to as a channels This channel contains a memory
30

address register controlling the location in memory to or
from which data is transferred. A counter must be provided
to keep track of the total number of transfers performed.
Logic must be provided for gaining access to the memory and
for providing all the necessary timing and control signals
associated with reading/writing from memory. Transfers are
made without interfering with the operating program, since
the channel essentially steals a memory cycle from the main
processor.. After each successfully stolen cycle r the memory
address and word count are incremented and a test is made to
see if the desired transfer has been completed.
Cycle stealing is the mechanism by which direct memory
access is implemented. formally, there are two processor
cycles for each program instruction: a fetch cycle and an
execute cycle. When the cycle steal comes up, for example
during an execute, the processor will finish the execute
cycle, and then pause for a one-cycle interval, before
moving to the next instruction fetch cycle. It is during
this pause that data bytes are moved between the memory and
the disk. Cycle stealing generally reduces the time
available to ongoing programs by approximately one per cent,
in other words, just slightly slows down the processor.
B. INTERFACE
The actual interface between the control module and the
disk is accomplished through a disk controller. A block
diagram of the floppy disk interface is presented in Figure
6. The interface logic is activated by commands from the
control module processor. The disk controller logic
responds to information which has been previously passed to
it by the control moiule. This information includes the
data required for DMA operations: the disk number, the
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track number, and the sector number. The disk controller
positions the read/write head and generates all the required
hardware control signals. when the head is above the
desired sector and all required delays have elapsed, disk
reading or writing is initiated. when a disk read is
desired, the controller hardware locates the sector and
synchronizes the clocking pulses. One record, 128 bytes, is
framed and then transmitted to the main memory via 'the
direct memory access channel. An interrupt is generated to
signal tne end of transmission. When writing a record to
the disk, the controller again utilizes the DMA feature.
After 129 bytes have been transferred to the disk, an
interrupt signaling the end of transmission is sent to the
control processor. The interface hardware is complicated by
the direct memory access feature, but the advantages of DMA
outweight the cost and complexity of the additional
circuitry.
C. HARDWARE
The floppy disk use! is the Shugart SA900/901 diskette.
The floppy disk storage nedium is an expendable cartridge,
about the size of a 45 rpm record. Data is recorded on one
side of an oxide-coated, flexible Mylar sheet, cut into a
7.8 inch disk. The disk is packaged in an 8 inch square
envelope containing cut-outs for drive hub mounting, index
mark sense, and read/write head access. During operation,
the mylar disk rotates, while the envelope remains
stationary. Each cartridge costs about five dollars.
The floppy disk cartridge is manually placed into the
drive housing. The drive nub clamp then engages, holding
the disk against; a rotating drive spindle. During readi
or writing, pressure pads hold the read/write head against
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the disk, the head being in physical contact with the
surface, as depicted in Figure 7. Since this causes wear,
it is oest to raise the head as soon as possible after
completion of a read or write operation. After about 10,000
accesses to the same location, the disk has reached useful
surface life.
The floppy disk cartridges store approxima tely 2. 1
million bits when formatted. Data can be recorded on 77
tracKs, at a density of about 3200 bits per inch. A disk
format of 26 sectors per track, IBM standard format, allows
storage of 256 thousand bytes of data. This is equivalent
to 3200 80-coiumn punch cards. Data (both information and
timing bits) transfers at a rate of 250 kilohertz when the
disk is rotating at 360 rpm. The disk hardware will cost
approximately 1500 dollars per single unit. Reference 1
contains an overview of floppy disk systems.
D. TRANSFER RATES
Data transfer between the floppy disk interface and the
disk occurs at the rate of about 160,000 information bits
per second. This is a burst I/O rate of 20,000 bytes per
second. But when evaluating the disk read/write mechanism,
the average access time is the most important consideration.
Generally, this quantity depends on how fast the disk
rotates and what type of head positioning mechanism is
utilized. The average access time is the sum of the
rotational latency and the positioning (seek) time. The
average positioning tine equals one-third of the head's
full-stroke time, plus the time for the head to settle and
begin transferring data reliably. The track-to-track time
for the Shugart disk is listed as approximate! v 10
milliseconds, but present disk control software allows 20
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milliseconds. Multiplying the 20 milliseconds by one-third
the total, number of tracks (26) , and adding the head loading
time (U milliseconds), results in a positioning time of 550
milliseconds. The average latency time, one-half the period
of one revolution, equals 83.3 milliseconds.
The present design results in an average access time
(seek and latency) of 643 milliseconds and a data record
transfer time of about 6.5 milliseconds (1 second / 6 rps /
26 sectors) . The total transfer and access time amounts to
650 milliseconds for a 128 byte record.
Because of the time delay involved in seeking, a disk
queue will not be used. If the control processor tries to
execute a disk command while the disk is busy, the processor
will be forced to idle until the disk is available. A
communications line operating at 9600 bits per second,
transmits 128 bytes, one record, every 106.5 milliseconds.
A disk queue, further delaying the 643 millisecond disk
response time, would demand unrealistic amounts of
communications buffering. With the present, configuration a
minimum of 773 bytes are required to buffer a 9600 baud line
(643 / 106.5 * 128) .
If a 9600 bit per second communications data rate is
used, the disk system should be modified to reduce the disk
seek time. The disk directory and the system table should
be located in the midile of the disk tracks. Tracks should
also be allocated to "higr. speed line" data types. These
tracks would be located in the center of the disk,
surrounding the directory and system table. By such an
allocation of tracks, seek time to the high speed area would
be reduced by approximately 250 milliseconds. By lowering





A "disk operating system" (DOS) will be needed to
implement the disk controller capabilities. The disk
operating system program will be located in the control
module and will utilize the control processor. The DOS will
provide the disk controller with the information necessary
to accomplish direct memory access and request from the
controller disk status information.
The disk operating system will execute various functions
for the control program. Besides performing read and write
instructions, the DOS will create new files, delete old
files, close and open files, and monitor the disk operation.
The following is a brief description of the disk operating
system and the procedures provided by the DOS foe the
control program.
The disk operating system provides a software interface
between the control program and the physical disk system.
The DOS performs all logical to physical conversions of
record location and passes the calculated track and sector
data to the disk controller. The operating system monitors
the disk controller and the disk, forwarding any malfunction
signals to the control program for display to the operator.
The disk operating system maintains a directory of disk
files for use in space allocation. The directory contains
the file name and an index to the disk blocks assigned to
the file. Disk space, assigned in 1024 byte blocks, is
allocated, to a file during write operations. The directory
allows for a total of 64 separate files and has a total of
248 blocks available for assignment on each of the two
disks. Disk space is dynamically assigned using an
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allocation vector to account for each disk block. An entry,
similar to a disk directory entry, must be available in the
control program whenever file operations are to be executed.
The following is a list or disk operating system routines




The "reset" command will force the DOS to interrupt
the disk controller and reset all disk control parameters.
The disk space allocation vector will be cleared, and a




A call to the DOS routine "open" will initialize
various file parameters in the control program directory
entry. If the file is located in the directory, the disk
space allocation is returned to the control program. If the
file cannot be found, an error report will be generated.
3. Close
"Close" will result in an update of the disk
directory. Prior to this directory update, the space
allocated to the file is only temporary. In other words,
any blocks added tc a file since the last call to close




The "make" command creates a new file entry,
initializes the space allocation descriptor for the file to
"empty", and opens the file.
5 . D el e t
e
When the DOS is called via "delete", any disk space
in use by the specified file is da-allocated and the
directory entry is erased from the disk.
Read
A "read" call from the control program to the disk
operating system results in the following DOS actions:
ensures the file is open and the requested record exists;
passes the memory load address to the DMA; passes the track,
sector, and disk number to the disk controller; returns to
the control program a successful or unsuccessful read
attempt indicator.
7 . Write
"Write" will cause the DOS to transfer, via DMA, one
record from the control module memory to the disk. If the
file requires additional disk space for the record, it will
be allocated. The DOS returns to the control program status






Interaction with the keyboard and display units will be
asynchronous, that is, Dot time dependent upon the control
module. The control nodule processor will not stop during
input or output operations, waiting for a function in the
communication module or display module to be completed. The
input/output operations will continue independently in time,
setting flags for system control upon completion of the
input/output operation.
Input and output buffering for telecommunications is
accomplished in the main computer on many systems, but the
proposed system as described in this paper will have
separate telecommunications buffering in a communications
module. The proposed systea will use a separate processor
to handle all the communication line interfacing.
Communication to and from the control module will be via an
eight-bit parallel data bus and for each communications line
two 128 character data buffers will be allocated in the main
memory. The communications processor will pass edited input
messages to the control section upon demand. Input to the
control section from the keyboard will be handled in the




The information system terminal display must serve as
the interface between the human operator and the
communications network. Therefore, terminal choice will
depend upon the needs of the user, the technical
requirements of the coinziunciations lines, and the general
requirements of the Naval leather Service.
In meeting the various needs of the NEDS user, Fleet
Numerical Weather Central can choose from a vast array of
terminals. It is possible to simplify the selection process
by first categorizing the terminals by application and
functional characteristics. The characteristics can be
classified along two main lines.
1, Intelligent vs. hardwired terminals
2. Alphanumeric vs. graphic terminals
1 • Intelligent Terminals
At the base of every intelligent terminal system is
a stored program processor, giving these terminals a wide
range of capabilities. Because of the internal programming
flexibility, an intelligent terminal can "look like" other
equipment to the central processor, and fit into an existing
communications network with minimum re-programming of the
control system. An intelligent terminal will be able to
edit, format, compress, ar.d manipulate data while providin
flexibility in system implementation.
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Format control, editing, and operator queuing are
important advantages of the intelligent terminal. In the
formatted mode, the terminal can check for different typo S
of errors and prevent the entering of erroneous lata. This
includes parity and illegal entry checks. When the terminal
displays a form, the cursor automatically skips over the
format or protected data, so that it cannot be destroyed.
The terminal can be programmed to accept only numeric or
alphabetic characters in a given field. This is
particularly applicable to a NWSED unit when formatting an
Automatic Response to Query transmission.
Programmed function keys can allow the operator such
controls as display, rotate, and zoom. This will minimize
the number of required input keystrokes and thus reduce the
number of input errors.
Check digit verification can bp implemented, and
field lengths checked, ensuring that the operator inputs the
proper number of characters. Selected fields can oe
controlled to allow only specifically identified character
seguences to be entered, such as station identification.
The terminal can also force entry to specified fields. If
the selected field is not filled, the operator will be
unable to proceed.
For editing, use oan be made of the terminal memory.
Modification or correction of the data prior to a message
transmission can be accomplished at the terminal. In the
case of minor mistakes during message composition, use of
the back-space key will permit repositioning of both the
printing head and the memory pointer, thus allowing erasure
and correction of the data input. Editing also allows the
operator to address a specific field if a correction is
needed, eliminating re-keying the entire data form,
addition, selected records may be automatically inserted
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into the appropriate fieli.
The memory of a CRT terminal is large enough to
store one "page", or screen, of data. The display nust be
refreshed, requiring the use of the display processor, 30-60
times per second.
Considering the specifications set forth by the
Fleet Numerical Weather Central (see reference 5) and the
desire to make the If E D 3 as flexible as possible, it was
determined that an intelligent terminal should be used.
This terminal would control two CRT displays, one for
alphanumerics and the other for graphics.
The reasons for utilizing an intelligent terminal
system instead of a hardwired terminal are:
1) Fast respor.se: Some data and data entry formats
can be stored locally thus avoiding the constant accessing
of the control module.
2) Compatibility with different central processors:
If multiple access to two different processor types is ever
required, the terminal will not have to be re-wired to
handle the change.
3) Multiple tasks: The terminal will be a data
entry unit and an inquiry-response unit.
'4} Editing: Data editing can be handled without
the use of the control module.
5) Local processing: The intelligent terminal can
process small amounts of data, instead of forwarding all
information directly to the communications module.
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6) Data reduction: Since communications costs are
a significant part of any system, decreasing the amount of
data sent reduces the total transfer costs. Data can be
verified and edited before transmission, thus eliminating
erroneous data at the source and freeing the control module
from execution of these tasks.
2- The Display.
All cathode ray tube (CRT) displays contain certain
operating elements. The cathode ray tube, the display
control hardware and the senory are common to all such
devices. The component packaging vacies, hence, several
hardware configurations ace available. In some systems, all
controls and memory aay be packaged in a separate
controller, allowing operation of more than one display
screen.
Besides the cathode ray tube, the basic CRT terminal
includes a keyboard for data input, an internal memory, a
character generator, and a communications interface. There
are two types of displays available. At the low end of the
price scale is the alphanumeric CRT, displaying only
alphanumeric and special characters, similar to a standard
typewriter. At the high end th« price scale is the
graphic CRT display, which presents line drawings and
schematics in addition to the alphanumeric information.
Since this display is complicated, it includes a processor,
memory, and the associated software required for system
operation
.
A system with a separate controller would allow
greater flexibility and permit growth and expansion. The
control electronics provide the necessary sequence, timing,
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and operational signals tae display unit reguires in order
to perform its functions. In conjunction with the interface
electronics, the control electronics provide the needed
addressing circuits, allowing each display to be
individually served by a single processor.
It is desirable to have two display systems in the
NEDS unit.
1) A graphics display terminal would perform the
functions necessary to unpack and display weather maps.
2) An alphanumeric display terminal would be
utilized to display messages composed of alphanumeric





All keyboard entries are edited by the terminal.
After all corrections have been made for each data or
command input, the information is sent to the communications
module. The communications aodule handles the keyboard data
in the same manner as a communications line. The data is
sent from the terminal bit-serially to the communications
section.
2- The Alpha numerics Disulay
Data will be sent serially from the control module
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to the alphanumeric display. A maximum of one record (128
bytes) will ne sent prior to resuming system polling. This
ensures that the control nodule will be available to process
input from the communications section.
3- The Graphics Display;
Data is sert fro? the disk system to a shared memory
buffer area when graphic data is being output for display.
When four records are available in the shared memory area,
control signals are sent from the control module to the
graphics display controller. The graphics controller then
unpacks the data and displays it on the graphics terminal.
Approximately twenty-five records are needed for a complete
graphics display. The control module directs the disk
operating system to send all the data required for the





VII. SUMMARY AND CONCLUSIONS
With the increasing development of large-scale
integrated (LSI) circuits the entire spectrum of computer
technology is experiencing a rejuvenation of its basic
concepts. That is, there now exist single-chip processors
that increase the scope of microcomputers such that they now
perform applications formerly exclusive to medium and large
scale computers. Complementing the development of these new
microprocessors have been the advances in semiconductor
memory and logic. All these advances have lent themselves to
the emergence of the microprocessor-based systems, at a
fraction of the cost of comparable large scale computing
equipment. The microprocessing system can also be developed
or modified in a significantly shorter period of time than
that of hard-wired logic.
The functional design of the microprocessor-based system
proposed is not intended to be, necessarily, the optimal
systems design for this communications network application.
It is presented only to demonstrate that a
microprocessor-based system is feasible and should be
considered when designing similar future systems that have
dedicated functions and/or preestablished tasks. The basic
ideas and the methods described here are totally feasible
concepts and are weil within the state-of-the-art
technology.
The control software provided in Appendix A is a
developmental program. As noted in sectior 3, not all of
the control functions are implemented in the program.
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Additional features, which will not be part of the normal
control routines, are included in the program for software
testing and evaluation.
The program currently utilizes four system states. Each
communications line can be either in the supervisor,
command, weather, or general mode. The supervisor state
initializes the system and allows interchange between the
other three states. The command state implements the
various operator functions which were described earlier in
this text. The weather state simulates an input line from
the communications module where the data line is in the
receive or message state. The general mode is a system test
mode where the machine aids in operator simulation of a
bulletin input. In actual implementation, there will be
only two system states, coajaand or receive.
The DMA feature is not utilized in this program. There
are no interrupt routines from the disk system. Instead the
control processor idles until the disk function completes.
The second disk is not presently utilized, and the software
to provide graphic backgrounds is not available. There is
no provision for graphic output and the current program does
not utilize or take advantage of any of the features
available from an intelligent terminal system. All output
is sent directly to a single alphanumeric CRT display.
The disk operating system currently under development is
for a general purpose file system. For the use envisioned,
some modifications could be made to improve the disk system
performance. Besides the changes mentioned earlier, the
disk system should also assign consecutive data blocks to a
file when it is first opened. This would aid in minimizing
seek time during storage and display.
The NEDS will have the ability to detect and recover any
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data lost due to slow system response to a communications
line. The software required to ensure that no data would be
lost would be prohibitively large and complicated. Thus the
design assumes that data will be occasionally lost. If the
disk just started a seek operation high priority line when a
high speed, begins reception, the communications buffering
will probably overflow before the disk system will be able
to respond to storage needs. This would be difficult to
prevent and as noted above really of little oonsequence
since the data can be recovered.
A functional design has been presented which describes
the use of a low cost microprocessor system and the
associated peripherals in a performance oriented
application. This approach to the control of data
communications has tried to demonstrate the significant
savings over conventional approaches and could well be
applied to other areas. Potential applications for similar
systems exist wherever storage and retrieval of information




Estimated Inforaation Required at a Typical NWSED
Alphanumeric Information
Hourly weather reports
12 hours collection, 3 bulletins each hour




5 teletype lines each report
5 severe weather warnings
5 teletype lines each report
10 upper wind forecasts
5 teletype lines each report
5 route wind forecasts





Total Alphanumeric Data 47,500 bytes
Graphic Information
no maps and graphs
each map averages 25,000 bits
125,000 bytes







12 files, one for each of the past 12 hoars
Each file contains reports segregated by bulletin
Individual reports are Iocatable by station
identifier
Forecasts
4 files, one for each forecast type




40 files, one for each graphic
Miscellaneous Information
Interface
X files, one for each communication line
1 file, for operator keyboard
NOTE: Second disk use
Transfer of data messaqe for ARQ
Back-up
Background charts













Transfer to display iroiule









Graphic Information (transfer without interruptions)
Seek to map
Seek directory . 65





Transfer of geographical background to
graphic module
Transfer of map to graphic module
Estimated software overhead
(return to polling routine)
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NOTE: If a priority communications line interrupts the








Each disk: 77 tracks
Each track: 26 sectors
Each sector: 128 bytes
Total capacity per disk: 256K bytes
Logical Organization
64 files
Each file, maximum 123 records (16K bytes)
Each record 128 bytes
Space allocable to files in blocks of 1024 bytes
Timing
Hardware step rate pec track: 10 milliseconds
Software step rate per track: 20 milliseconds
Head settling time: 40 billiseconds
Average latency at 360 rpa: 83 milliseconds
Data (information and timing bits) transfer
at 360 rpm: 25 KHZ
Information transfer at 360 rpm: 20K bytes per second
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16 bit WMG data designator IASC [11
It. bit WMO Geographic designator (ASC it)
16 bit WMO to differentiate between similar bulletins (ASC III
8 bit ASC H space
32 bit ICAO location identifier IKNWC for FNWC Monteroyl IASC II)
8 bit ASC II space
16 bit date IASC II)
16 bit hour (ASC II)
16 bit minute (ASC II)
16 bit beginning of graphics file (BGF) (beginning of a chart)
14 bit graphic file identification. CC-2 bits for classification.
8 bit geography background ident


















8 hit synch byte
6 bit op code (10-ASC II) and character expans
8 bit binary count of * of ASC II characters
24 bit IJ starting point (NEDS rharacters will be displayed lr. the * J dir. )
8 to 2040 bits of ASC II characters
8 bit checksum of "CHAR"
8 bit synch byte
8 bit op code (01), vector size |SS) and initial vector direction 'AAAA)
8 bit binary count of # of vectors
24 bit IJ starting point
8 to 256 bits of vector data Uero-fill unused final 8 bit byte)
8 bit checksum ^f "SVR"
8 bit synch byte
4 bits for op code (0000)
i2 bits for length of straight vector. P.inary count of # of .01" vectors.
24 bit IJ starting point
13 bits fcr slooo o: the straight line
3 bits (KKK) for sector
9 bit checksum of "LVR"
SVR. " and "LVR,
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